We propose a new method for direct control of position, rotation, and scaling of fractal patterns generated on the optical fractal synthesizer. In this method, we introduce IFS mother function to generate control parameters for arbitrary fractal patterns. We implemented the method experimentally and verified effectiveness of the method.
. Introduction
Fractal geometry has been widely studied in many research fields including image processing and m1'2 Among them, a fractal image coding technique is very popular because of its potential capability for high compression ratio.2'3 Although the fractal image coding and decoding require extensive computation in image rotation and pattern matching, optical techniques can provide effective means for the implementation.
We have proposed an optical fractal synthesizer (OFS) which generates a fractal pattern using a TV feedback system.4 The OFS can control fractal shape by changing the system parameters. A problem of this method is difficulty to control the status of rotation, scaling, and positioning of the pattern because these properties are not appeared explicitly in the parameter set of the fractal generation algorithm.
To solve the problem, we introduce IFS mother function. The IFS mother function includes the control vanables for rotation, scaling, and positioning and produces parameter sets for the fractal generation algorithm. As a result, we can easily control these properties in the fractal generation. (1) where (x, y) is the position of a bright point on the CRT. and (x', y') is the position of the transformed point. The matrix in Eq. (1) can be converted into a product of reduction, rotation, and reflection matrices. which are optically implemented by a dove prism and a zoom lens. The translation in Eq. (1) is achieved by a tilted mirnor. The CCD camera is employed to capture the transformed image. The image is transferred to the computer and displayed on the CRT for the next transformation. ilarity between a target image and a fractal pattern geilerated by the OFS is evaluated. To find IFS parameter corresponding to the target, the same process is repeated with changing parameters for generation. Although this algorithm is still indirect, control ability in fractal generation by the proposed method is expected to increase processing efficiency and processing speed. We have proposed a method to control a fractal pattern generation based on IFS mother function. We have verified the principle using an experimental OFS. This method is expected to be used for the fractal image encoding technique. Figure 2 shows examples of generated fractal patterns. Shape of the fractal can be changed by controlling the rotation angle of the dove prisms and the tilt angle of the mirrors.
. IFS Mother Function
Fractal generation by the optical fractal synthesizer is 1)ased on an iterated function system (IFS) theory.3 IFS is composed of multiple affine transformations. Coefficients of these affine transformations determine a fractal shape. However, rotation, location, and scaling of the fractal image are not included explicitly in the coefficient set of the affine transformations.
The proposed IFS mother function is defined by The parameter set {s , EI , j , (tix, t)} , S used to generate a standard fractal pattern, whose scale, rotation, and location are 1, 0. and (0, 0). Manipulating-parameters are {Sa, °a, (tax tay)}. Setting the parameters, we can generate an affine transformation set for the desired scale, rotation, and positioning.
. Experimental Verification and Application
We applied the proposed method to the experimental OFS. Figure 3 shows a standard fractal pattern and several variations in position, rotation, and scaling. As seen from the figure, desired patterns are correctly obtained.
As an application of the method, we consider an image encoding by IFS parameters. In this technique, sim-
